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 1 The infuence of weak magnetic felds on the
mechanical properties of nonmagnetic crystals (magne-
toplastic effect) is observed in both micro- [1] and mac-
roplasticity [2–9] and is studied by scientists who use
plastic physics methods.
The studies started in 1987 [1] showed that the mag-
netoplastic effect is explained by the action of a mag-
netic feld on spin-dependent electron transitions either
in a system dislocation–paramagnetic center [10, 11] or
in magnetosensitive complexes of point defects
[12, 13]. The electron transitions stimulated by mag-
netic felds may change the local energy of the disloca-
tion interaction with a point defect, which results in
plasticization (or hardening [14]) of a number of dia-
magnetic alkali halide, semiconductor, and metal crys-
tals [10, 11]. As was shown earlier, similar processes
may also change the rates of chemical reactions in mag-
netic felds [15, 16]. Up to now, the study of the magne-
toplastic effect has been performed mainly on isotropic
crystals. Interest has arisen in the study of the infuence
of a magnetic feld on the properties of nonmagnetic
anisotropic crystals with complicated structures widely
used in technology.
We studied a potassium acid phthalate (KAP) crys-
tal of the composition C8H5O4K with ionic, covalent,
and hydrogen bonds [17, 18]. An orthorhombic crystal
is described by the point symmetry group mm2. The
crystal properties are explained by the presence of the
polar 001  axis and a large distance between the (010)
1 Most of the results obtained in this study were first preseted at
the First Russian Conference of Young Scientists on Physical
Material Science in Kaluga, October 4–7, 2001 (M.V. Koldaeva,
Collected Abstracts (Kaluga, Manuskript, 2001), pp. 39–40).
Þrst presented at
cleavages (~13 Å). Figure 1 shows the structural for-
mula of KAP crystals possessing piezoelectric proper-
ties [19] that are widely used as analyzers in the long-
wavelength range of the X-ray spectrum and as mono-
chromators in various high-resolution X-ray instru-
ments [20]. In the temperature range from 300 to 2 K,
KAP crystals are diamagnetic along all the three main
crystallographic directions.2
SAMPLE PREPARATION AND PROCESSING 
OF RESULTS
The experimental methods used in our study were
selected in accordance with the studies of mechanical
properties of KAP crystals [21–23] and, in particular, of
their microhardness [23]. Motion of dislocations was
not studied in any cited works. In [21, 22], considerable
anisotropy of crystal deformation was observed:
depending on the mutual orientation of the compres-
sion and polar (z) axes, crystals demonstrated brittle
fracture, kink bands, or plastic deformation. To detect
the infuence of a magnetic feld on the crystals we used
a fast technically simple method of microindentation.
The KAP crystals used in our experiments were
grown from aqueous solution by the method of decreas-
ing temperature [19] at the Institute of Crystallography
of the Russian Academy of Sciences. The samples were
cut from crystalline boules by a wet thread. The faces
were mechanically polished against a smooth wet silk.
Microhardness was measured in the (010) and (100)
2 Magnetic susceptibility of KAP crystals was measured by
Yu.G. Shvedenkov at the International Tomography Center, Sibe-
rian Division, Russian Academy of Sciences, Novosibirsk.
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A decrease in microhardness along the (010) clea v age in potassium acid phthalate single crystals
by 15–18% after the application of a permanent magnetic feld is revealed for the frst time.1 It is shown that
the effect revealed is of the volume character. The role of interlayer water in the processes stimulated by a mag-
netic feld is studied. Interlayer water does not cause the observed changes; it only plays the part of an indicator
of these changes in potassium acid phthalate crystals in a magnetic feld. It is established that microhardness in
the (100) plane of the crystal in an applied a magnetic feld frst increases by 12–15% and then remains constant
in time within the accuracy of the experiment. The possibility of varying the crystal structure of potassium acid
phthalate crystals by applying magnetic felds inducing rearrangement in the system of hydrogen bonds or in
the defect structure is discussed. 
MAGNETOSTIMULATED CHANGES OF MICROHARDNESS
IN POTASSIUM ACID PHTHALATE CRYSTALS
                             
(010) of different samples. It is seen that the histogram
is characterized by a normal Gaussian distribution.
Thus, physically, averaging along the impression diag-
onals 
 
d
 
 measured under the same conditions on differ-
ent cleavages is quite justifed. The statistical errors 
  
d
 
were calculated using 50–100 measurements by the
Microsoft Excel program and ranged within 2–4%.
Microhardness 
 
H
 
 (in GPa) was calculated by the con-
ventional formula for a Vickers pyramid [24] as
where 
 
d
 
st
 
 is the statistical average of the impression
diagonals measured in microns and 
 
P
 
 is the load
applied to an indenter in grams. The measurement error
  
δH
 
 was calculated as
where 
  
δd
 
 is the statistical error of diagonal averaging
over the sampling.
EXPERIMENTAL RESULTS 
AND DISCUSSION
In the frst run of experiments, the samples in the
shape of thin 3 
 
x
 
 7 mm plates with a thickness of 
 
~
 
0.3
mm were cleaved along the cleavage plane of one of the
growth pyramids. One of two as-cleaved mirror-smooth
surfaces was placed for 5 min into a 0.9 T magnetic
feld 
 
(
 
B
 
 
 
|| 
 
z
 
)
 
, whereas the other sample served as a ref-
erence. Then microhardness of the surfaces of both
samples was measured for 7–10 days as a function of
time passed since cleavage. The results of these exper-
iments are shown in Fig. 4a. After keeping the sample
for fv e minutes in a 0.9 T magnetic feld, microhard-
ness decreased by 15–18% (curve 
 
2
 
) in comparison
with the microhardness of the mirror-smooth cleavage
of the reference sample (curve 
 
1
 
). This difference
decreased with time and disappeared after 7–8 days. It
was also interesting to consider microhardness as a
function of time passed since the sample preparation.
Therefore, we studied the surface of the reference sam-
ple (Fig. 4a, curve 
 
1
 
). The removal of interlayer water
from an as-cleaved surface was studied in [25]. Inter-
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Fig. 1. Structural formula of a potassium acid phthalate
(KAP) crystal.
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Fig. 2. Typical impression of an indenter with the single-out z direction and the diagonal d (a) in the (010) and (b) (100) planes.
faces. To measure microhardness in the (010) plane, we
cleaved thin 3 x 0.3  7 mm large plates along the
cleavage. The 3  3  7 mm samples for measurements
in the (100) face were additionally polished prior to the
experiment frst mechanically and then by chemical
polishing to remove a thin (about 0.15 mm) surface
layer. Indentation was made with a Vickers pyramid
under a load of 0.2 N, the impression diagonal was
measured with the aid of a standard attachment to a
Neophot-21 microscope.
Figure 2 (courtesy of N.L. Sizova from the Institute
of Crystallography) shows typical impressions in the
(010) cleavage (Fig. 2a) and in the perpendicular (100)
plane (Fig. 2b) with the singled-out polar direction z
and the diagonal d. Figure 2a shows that the impression
in the (010) cleavage gives rise to cracking characteris-
tic of brittle crystals [24]. Nevertheless the impression
has an obvious faceting which allows one to make mea-
surements. To measure microhardness in the (100)
plane, the crystal was oriented in such a way that the
angle formed by d and z was about 45°. The impression
was almost a square shape; no cracks were recorded
(Fig. 2b).
To avoid any confusion associated with the unique-
ness of each measured surface and possible dependence
of the results obtained on atmospheric conditions, each
experimental point was measured on 3–5 thin plates
sawed from two different bulky samples cut from the
same growth pyramid. The microhardness of these
plates was the same. Figure 3 shows a typical histogram
of the diagonal d of the impression measured on face
x
x x
layer water is always present in potassium acid phtha-
late crystals but it is not a structure-forming element.
Possibly softening of the cleavage with time is
explained by such processes.
To clarify the role of interlayer water in magneto-
stimulated processes, we had to diminish the amount of
interlayer water in the bulk of potassium acid phthalate
crystals. With this aim, we annealed the crystals for
six hour at 220°C and then slowly cooled the crystals in
an argon fo w. With an increase of the temperature,
water located in interplanar space leaves the crystal but
is absorbed again during subsequent cooling [25]. To
prevent water absorption, the furnace was constantly
blown with a fo w of argon both during annealing and
cooling. The magnetostimulated changes of microhard-
ness in annealed crystals were studied according the
same scheme as in unannealed crystals.
The microhardness curve of the as-cleaved surfaces
of annealed reference samples (Fig. 4b, curve 1) is con-
siderably lower than microhardness curve of unan-
nealed samples (Fig. 4a, curve 1). However, in this case
as well, microhardness of annealed samples treated in a
magnetic feld (curve 2) decreased by 15–18% in com-
parison with microhardness of the annealed reference
samples.
Comparing the kinetics of surface aging (which
manifests itself in the changes of microhardness with
time) in unannealed and annealed samples (curves 1 in
Figs. 4a, 4b, curves 1), we assumed that surface aging
of potassium acid phthalate crystals is associated with
loss of water after preparation of cleavage and the inter-
action of its surface with atmosphere. After the treat-
ment in a magnetic feld, surface aging of unannealed
crystals proceeds much slower than in the samples not
kept in a magnetic feld (Fig. 4a). At the same time, the
initial slope of the H(t) curves of the annealed crystals
containing much less interlayer water did not change
after treatment in a magnetic feld (Fig. 4b). Thus, inter-
layer water is only an indicator of the changes taking
place in potassium acid phthalate crystals in a magnetic
crystal, and it cannot give rise to these changes.
To establish whether it is only a surface effect or the
magnetic feld that gives rise to the changes in the crys-
tal bulk, we broke a bulky sample into two parts. Like
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Fig. 3. Histogram of diagonals d of indenter impressions for
four samples; the solid curve is the normal distribution of d
calculated from the average dst value and dispersion over
the histogram.
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Fig. 4. Microhardness of the (010) face of a potassium acid
phthalate crystal as a function of time passed since the prep-
aration of mirror-smooth cleavages: (1) reference sample,
(2) sample treated for 5 min in a 0.9 T magnetic feld,
(a) unannealed and (b) annealed crystals. In all the cases B || z.
                     
in the frst run of experiments, one part of the crystal
was kept for fv e min in a 0.9 T magnetic feld (B || z),
whereas the other part served as the reference sample.
In this case, before every measurement a new cleavage
was made, which allowed us to follow the possible
changes in the bulk of the crystal subjected to the action
of a magnetic feld. To improve statistics, three bulk
samples were used in these experiments.
Within the accuracy of the experiment, no temporal
changes were observed in the reference part of the crys-
tal (Fig. 5a, curve 1). Microhardness of cleavages of the
crystal part subjected to the action of a magnetic feld
(Fig. 5a, point 2) decreased after keeping the crystal in
a magnetic feld at the same value as in the experiments
of the frst run. The infuence of the magnetic feld in
the crystal bulk decreases with time. However, these
changes have no component due to surface aging. Thus,
the properties of potassium acid phthalate crystals kept
in a magnetic feld change not only at the surface but
also in the crystal bulk.
Figure 5b shows the kinetics of microhardness
changes after the application of the magnetic feld. The
H(t) dependence corresponds to the difference in
microhardness values (Figs. 4a, 4b, 5a; points 1 and 2).
It should be indicated that the H value refects the
infuence of the magnetic feld on crystal microhard-
ness. It is seen that the changes in microhardness in all
the above experiments (Fig. 5b) in annealed and unan-
nealed crystals vary with time almost in the same way
and completely disappear after 6–7 days. Thus, this
effect does not depend on the preliminary treatment of
the sample. It should be remembered that, on the con-
trary, the magnetoplastic effect associated with the
infuence of a magnetic feld on the state of the system
of point defects in a crystal strongly depends on the pre-
liminary thermal treatment of crystals. This is well seen
in an example of alkali halide crystals [13]. Possibly,
the structure of KAP crystals itself is changed under the
action of a magnetic feld.
As was mentioned above, potassium acid phthalate
crystals are anisotropic; therefore, possible structural
changes may be different at different faces. Therefore,
in the next run of experiments, we performed indenta-
tion of the (100) face. To remove the defect layers
formed due to sawing and to obtain smooth surfaces,
we treated the crystals by the method considered above
directly before the experiment. Then we broke each
sample into two parts and, as in all the experiments per-
formed, placed one part. into a 0.9 T magnetic feld
(B || z) for 5 min, whereas the other part served as a ref-
erence sample. It turned out that microhardness in the
(100) plane treated in a permanent magnetic feld
increased by 12–15% (within the experimental accu-
racy) and then remained constant with time (Fig. 6,
curve 2). Microhardness of the reference (100) surface
increased after aging for four–fv e days by 12–15%
(Fig. 6, curve 1). Thus, the effect of magnetostimulated
changes in microhardness of KAP crystals of the same
orientation in a magnetic feld has opposite signs on the
perpendicular faces (Figs. 4a and 6). It should also be
noted that the magnetic feld blocked aging of both
(010) and (100) surfaces of unannealed crystals.
Figure 7 shows a fragment of the model of a potas-
sium acid phthalate crystal constructed on the basis of
data from [18]. It is seen that the perpendicular faces of
the crystal have different structures and face-forming
elements. However, Figs. 4a and 6 show that aging of
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Fig. 5. (a) Microhardness and (b) differences in microhard-
ness of the reference and magnetically treated samples in
the (010) face of a potassium acid phthalate crystal as func-
tions of time passed after 5-min treatment of samples in a
0.9 T magnetic feld (B || z); (a) each measurement was
made (1) on an as-cleaved face of the reference sample and
(2) on a sample treated in a magnetic feld; (b) on unan-
nealed samples ( ), annealed samples ( ), and on cleavages
prepared from a bulky sample directly prior to each mea-
surement ( ).
the (010) and (100) faces of unannealed crystals is
blocked by a constant magnetic feld.
The effects observed in potassium acid phthalate
crystals may hardly be explained by magnetostimulated
changes in the local energy of interactions in the system
dislocation–paramagnetic impurity center. First, the
character of deformation described above shows that
the main role is played by the displacements of the lay-
ers with respect to one another that are parallel to cleav-
age planes and not to generation and motion of disloca-
tions as in alkali halide crystals. Second, unlike alkali
halide crystals, in potassium acid phthalate crystals, the
relative value of the effect does not depend on thermal
treatment of crystals. Third, the change of microhard-
ness after the equivalent action of a magnetic feld has
opposite signs at the perpendicular faces of the crystal.
This may readily be understood if one assumes that the
crystal structure has changed. Then, because of anisot-
ropy, a different reaction of the magnetically treated
perpendicular faces to the indenter may have different
signs. These changes may also hinder the removal of
the interlayer water from the crystal, i.e., infuence the
kinetic of surface aging. Of course, the above experi-
mental data are still insuffcient for reliable consider-
ation of structural changes in potassium acid phthalate
crystals; however, it seems reasonable to analyze their
structure.
The layers of K+ ions are located in the parallel
(010) planes at different heights, whereas cations form
corrugated layers separated by double layers of anions.
The hydrophobic parts (benzene rings) inside the layers
“look” at one another and are linked by van der Waals
interactions. Hydrophylic groups are attached to cat-
ionic layers and form the chains along the z axis linked
by intermolecular hydrogen bonds [18]. A fragment of
such a chain is shown in the left-hand part of Fig. 7.
Hydrogen bonds are depicted by dashed lines. It is pos-
sible to assume that, initially, some structural elements
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Fig. 6. Microhardness of the (100) face of a potassium acid
phthalate crystal as a function of time passed after sample
preparation: (1) for the reference sample, (2) for a sample
treated for 5 min in a 0.9 T magnetic feld.
Fig. 7. Structural model of a potassium acid phthalate crystal and the unit cell and a chain of anions (solid line) linked by hydrogen
bonds (dashed line).
 
in a potassium acid phthalate crystal are in the metasta-
ble state but then relax. It seems that, in a magnetic
feld, the conditions are created which stimulated their
transition to an energetically more advantageous state.
At this stage of the study, it is diffcult to say in what
way a magnetic feld affects a KAP crystal and how it
changes its structure. A structural element whose con-
fgurational changes may be of a fuctuating nature may
be a hydrogen bond, since the fuctuation may trans-
form an O–H--O bond into an O--H–O bond [26], and
a magnetic feld creates the conditions for such a trans-
formation. Of course, we should not exclude possible
transformation of some defect complexes related to
structural elements under the action of a magnetic feld.
The suggested interpretation of experimentally
observed magnetostimulated change of microhardness
in KAP crystals should be considered only as a working
hypothesis. The verifcation of this hypothesis and the
search for the explanations of such a pronounced effect
of a magnetic feld on microhardness of potassium acid
phthalate crystals require further studies with invoca-
tion of spectroscopic and X-ray diffraction methods.
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